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Chang-Hun Huha,c and Jung-Im Naa,c

aDepartment of Dermatology, Seoul National University Bundang Hospital, Seongnam, South Korea; bMedical Research Collaborating
Center, Seoul National University Bundang Hospital, Seongnam, South Korea; cDepartment of Dermatology, Seoul National University
College of Medicine, Seoul, Korea; dAram Huvis Co., Ltd., Seongnam, South Korea

ABSTRACT
Background and objectives: There has been no validated tool for objectively quantifying the overall
condition and characteristics of the scalp. This study aimed to establish and validate a new classifica-
tion and scoring system for evaluating scalp conditions.
Methods: The Scalp Photographic Index (SPI) using a trichoscope grades five features of scalp condi-
tions (dryness, oiliness, erythema, folliculitis, and dandruff) on a score of 0–3. To evaluate the validity
of SPI, SPI grading was performed by three experts on the scalps of 100 subjects along with a derma-
tologist’s assessment of the scalps and a scalp-related symptom survey. For reliability assessment, 20
healthcare providers performed SPI grading for the 95 selected photographs of the scalp.
Results: SPI grading and the dermatologist’s scalp assessment showed good correlations for all five
scalp features. Warmth showed a significant correlation with all features of SPI and the subjects’ per-
ception of a scalp pimple had a significant positive correlation with the folliculitis feature. SPI grading
demonstrated good reliability with excellent internal consistency (Cronbach’s a¼ 0.90) and strong
inter- and intra-rater reliability (Kendall’s W¼ 0.84, ICC(3,1)¼0.94).
Conclusions: SPI is an objective, reproducible, and validated numeric system for classifying and scor-
ing scalp conditions.
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Introduction

Scalp-related symptoms such as dandruff or pruritus are very
common problems encountered in dermatological practice (1).
These symptoms are commonly associated with various inflam-
matory scalp disorders, including seborrheic dermatitis, atopic
dermatitis, and psoriasis. Even when the patients’ symptoms are
similar, the underlying scalp conditions can be very different.
For example, dandruff is considered as a Malassezia yeast-
related condition and treated with antifungal agents; however, a
recent study of 54 Koreans with dandruff found that nearly half
of the subjects had sebum levels that were even lower than in
healthy controls (2), suggesting a different pathophysiology
between scalps with dry vs. oily dandruff. Classification of scalp
conditions or types is important for personalized treatment with
the increasing demand for better scalp health. However, to
date, scalp evaluation has been mainly focused on hair loss
(3,4), and there has been no systematic evaluation methods for
scalp skin conditions. Although the Baumann skin type system
is popular for classifying the types of glabrous skin, especially
the facial skin, it has limitations when applied to the scalp (5).

One of the reasons why studies on scalp conditions or types
are scarce is that the scalp is more difficult to observe than the
glabrous skin. People cannot directly observe their scalp, and

because it is covered with hair, investigators face challenges in
photo documentation of the scalp and subsequent communica-
tion with other investigators. Although several studies have
been conducted to diagnose inflammatory scalp disorders using
dermoscopy, which allows observation of the scalp structures in
detail (6–8), no attempt has yet been made to classify the
physiological characteristics of scalps.

In this study, we aimed to introduce the Scalp Photographic
Index (SPI), a new, objective, reproducible numeric grading sys-
tem that describes the scalp conditions. SPI grades five features
of the scalp conditions using magnified photographs of the
scalp. We evaluated the validity of SPI through the correlation
with the dermatologist’s assessment of the scalps and the sub-
jects’ scalp-related symptoms. We also evaluated the internal
consistency and inter- or intra-rater reliability of SPI.

Materials and methods

Development of the Scalp Photographic Index

The SPI was prepared using highly magnified (�60) pictures of
the scalp taken by a trichoscope. SPI grades five features of
scalp conditions (dryness, oiliness, erythema, folliculitis, and dan-
druff) to 0 (none), 1 (mild), 2 (moderate), and 3 (severe) using
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magnified photographs of the scalp. Each item reflects scalp
characteristics that are important for deciding treatments.
For example, dryness reflects epidermal barrier integrity or scalp
hydration level, whereas oiliness shows sebaceous activity.
Erythema and folliculitis are manifestations of interfollicular and
follicular inflammations, respectively. Hyper-proliferative epider-
mal response is indicated by dandruff. To improve the objectiv-
ity and reproducibility of grading, a photographic scale was
used. Detailed methods are as follows.
1. A 60-fold magnified images were acquired from five areas

of the scalp (vertex, anterior, posterior, right, and left) using
a scalp photography equipment (ASM-202TM camera, Aram
Huvis Co., Ltd., Seongnam, South Korea) (7). The ASM-
202TM camera was a hand-held trichoscope that took non-
polarized, non-reflective images by non-reflective lighting.
Compared to the dermoscope, it had a shorter shooting
time (<0.5 seconds) and was easier to observe the scalp
surface by obtaining non-reflection images regardless of
lighting with a fixed focusing (Figure 1(a,b)). The patients
were instructed not to wash their scalps or use hair prod-
ucts within 12 hours before taking the pictures, and we
used the Scalp Positioning Ruler to replicate the exact spot
of each picture in the long-term evaluation of a patient
(Figure 1(c)). Here, anterior and posterior refer to the center
of the anterior and posterior hair lines, respectively. Right
and left scalp images were photographed from just above
the right and left ear, respectively (Figure 1(d)).

2. Dryness (fine lines or tiny scales on the scalp surface), oili-
ness (greasy sebum or shine on the scalp surface), ery-
thema (erythema or telangiectasia between the hair pores),
folliculitis (erythema or pustules of hair pores), and dandruff
(coarse and large white scales) were chosen to evaluate
scalp conditions.

3. With each image of the five areas, the severity of the five
features was evaluated on a four-grade scale: 0 (normal), 1
(mild), 2 (moderate), and 3 (severe) using a photographic
scale. Detailed descriptions and the photographic scale for
each feature are shown in Figure 2.

4. The sum of each score reflects the overall severity of scalp
problems and features with scores 2 or 3 help to classify
scalp conditions. The SPI score was defined as the sum of
the severity scores of the five features. The SPI score of one
area ranged from 0 to 15 points. The total SPI score (0–75
points) is the sum of the SPI score of five areas: vertex,
anterior, posterior, right, and left (Figure 1(d)). This repre-
sents the overall severity of an undesirable condition of the
scalp. The scalp type was defined as the features with
scores 2 or 3. For example, a scalp with grade 2 or 3 oili-
ness and dandruff can be defined as the ODa type, whereas
a scalp with dryness and erythema can be classified as the
DE type.

Validity assessment

To evaluate whether the SPI grading adequately reflects the
scalp condition, 100 healthy volunteers over the age of 19 years
with scalp-related problems including itching, dandruff, exces-
sive sebum or dryness were recruited. This study was approved
by the Institutional Review Board of Seoul National University
Bundang Hospital (IRB No. B-2107-697-301), written informed
consent was obtained from each participant. An expert derma-
tologist (J.I.N.) evaluated the severity of dryness, oiliness, ery-
thema, folliculitis, and dandruff from 0 (normal) to 3 (severe)
points after visual inspection of the subjects’ scalps. The SPI
grading was performed for each participant using 60-fold mag-
nified photographs taken from five designated areas of the
scalp by three experts (J.I.N., J.W.S., and H.R.C.) and grades
agreed by at least two of three experts were chosen for the
analysis. To evaluate the subjective symptoms, subjects were
asked to rate warmth, itch, pain, and pimple of the scalp from 0
(nothing) to 3 (worst) using a self-questionnaire. To evaluate the
correlation between the SPI grading and the dermatologist’s
evaluation and the SPI grading and the subjective symptoms,
Pearson’s correlation test was performed. Data were analyzed
using IBM SPSS version 20 (IBM Corp., Armonk, NY), and a p
value <.05 was considered to be statistically significant.

Figure 1. (a) A scalp image taken with a dermoscope (�20 magnification, non-polarized, Dermlite DL4TM, DermLite, San Juan Capistrano, CA). (b) A scalp image
of the same individual taken with a trichoscope (�60 magnification, ASM-202TM camera, Aram Huvis Co., Ltd., Seongnam, South Korea). (c) The Scalp Positioning
Ruler was used to constantly photograph five areas of the scalp. (d) Five areas to measure scalp conditions for the Scalp Photographic Index (vertex, anterior, pos-
terior, right, and left).
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Reliability assessment

A reliability assessment of the SPI grading was performed by 20
healthcare providers (10 dermatology residents, six dermatolo-
gists, and four nurses) using a questionnaire consisting of the

ninety-five 60-fold magnification photographs of the scalp. The
photographs included 74 images according to the severity of
each subscale, 10 normal scalp images, and 11 pairs of duplicate
images. The healthcare providers were briefly instructed on the

Figure 2. The photographic scale for the Scalp Photographic Index. Dryness is determined by fine lines, scales, and fissures of the surface; mild ¼ 1 (fine lines or
scant, tiny scales), moderate ¼ 2 (clearly visible tiny scales), and severe ¼ 3 (fissures or prominent tiny scales). Oiliness is determined by sebum accumulation
and shine of the surface; mild ¼ 1 (evenly shiny surface), moderate ¼ 2 (accumulation of sebum around hair pores), and severe ¼ 3 (prominent accumulation of
greasy sebum). Erythema is determined by erythema and telangiectasia between the hair pores; mild ¼ 1 (faint pink between hair pores), moderate ¼ 2 (dull
red between hair pores), and severe ¼ 3 (fiery red or telangiectasia between hair pores). Folliculitis is determined by erythema and pustules of hair pores; mild
¼ 1 (mild erythema around hair pores), moderate ¼ 2 (moderate erythema or some pustules/crusts around hair pores), and severe ¼ 3 (severe erythema or
extensive pustules/crusts around hair pores). Dandruff is determined by coarse and large scales of the surface; mild ¼ 1 (slight dandruff), moderate ¼ 2 (clearly
visible dandruff), and severe ¼ 3 (prominent dandruff).
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method of the SPI grading and provided with the photographic
scale for the SPI. The healthcare providers recorded their scores
for the 95 scalp photos on an answer sheet. Each answer was
reviewed and compared with the answers agreed upon by two
out of three experts. Cronbach’s a for internal consistency and
Kendall’s coefficient of concordance W (Kendall’s W) for inter-
rater reliability were calculated using a total of 95 images. To
measure intra-rater reliability, we calculated intra-class correl-
ation coefficient (ICC) (1, 3) with 11 pairs of duplicate images
that were randomly selected among a total 95 images. ICCs and
their 95% confidence intervals (CIs) were estimated based on a
single measurement, absolute-agreement, two-way mixed effect
model (9). All reported p values <.05 were considered statistic-
ally significant. Statistical analyses were performed using R (ver-
sion 4.0.1; R Foundation for Statistical Computing, Vienna,
Austria) and R Studio (version 1.3.959; PBC, Boston, MA) with R
packages ‘psych’ and ‘irr’.

Results

Validity of the Scalp Photographic Index

The average age of the 100 volunteers with scalp problems was
34.90 ± 7.85 years (range 19–61), and women accounted for
69.0% of the volunteers. The correlation analysis between the
SPI grading and the dermatologist’s or subject’s evaluation of
the scalp condition is summarized in Table 1. There was a statis-
tically significant positive correlation between the dermatolo-
gist’s visual evaluation and each feature of the SPI grading
(dryness, oiliness, erythema, folliculitis, and dandruff). This sug-
gests that the SPI grading has significant relevance to an
expert’s objective evaluation of the scalp condition.

Among the subjects’ subjective symptoms, warmth showed a
significant correlation with all features of the SPI grading. The
subjects’ perception of a scalp pimple had a significant positive
correlation with the folliculitis feature of the SPI grading. Itch or
pain showed a negative or positive correlation, respectively,
with erythema, but had no clinical implication.

Reliability of the Scalp Photographic Index

Values for Cronbach’s a greater than 0.70 are generally consid-
ered as a marker of high reliability, and Kendall’s W values
greater than 0.80 and ICC values greater than 0.90 generally
indicate excellent agreement (10,11). The SPI grading had excel-
lent internal consistency (Cronbach’s a¼ 0.90). This means that
different individual subscales of the SPI for evaluating scalp con-
ditions give consistent and appropriate scores. The SPI grading

also had excellent inter- and intra-rater reliability (Kendall’s
W¼ 0.84; p value <.0001, ICC(3,1)¼0.94; 95% CI 0.93–0.95)
(Table 2). A higher Kendall’s W value means that the scores
between the evaluators are consistent. Notably, as Kendall’s W
values of dermatologists, dermatology residents, and nurses
were all above 0.80, showing the SPI grading had good repro-
ducibility between raters, regardless of the rater’s career. In add-
ition, when Kendall’s W values were calculated for each subscale
of the SPI, not only easily visible items such as erythema, fol-
liculitis, and dandruff, but also items that were considered diffi-
cult to visually evaluate such as dryness and oiliness showed
good inter-rater reliability. The ICC(3,1) of 0.94 evaluated with
11 pairs of duplicate images showed high intra-rater reliability,
and the ICC(3,1) values within each subgroup of dermatologists,
dermatology residents, and nurses were all 0.9 or higher, indi-
cating excellent intra-rater reliability regardless of the rater’s
career.

Discussion

When developing the scalp assessment tool, the following
points were considered. First, the scalp assessment should
reflect the scalp features that are clinically important. To address
this, we chose five features, and defined a scalp type, which is
determined by features scored 2 or 3. The scalp type aids quick

Table 1. Relationship between the Scalp Photographic Index (SPI) and the scores evaluated by the patients and one investigator.

SPI

Dryness Oiliness Erythema Folliculitis Dandruff

Investigator Dryness 0.810 (<0.001�) –0.328 (0.001�) 0.022 (0.831) –0.043 (0.672) 0.406 (<0.001�)
Oiliness –0.360 (<0.001�) 0.664 (<0.001�) 0.219 (0.029�) 0.057 (0.573) –0.044 (0.660)
Erythema 0.060 (0.553) –0.030 0.765 0.787 (<0.001�) 0.394 (<0.001�) –0.079 (0.434)
Folliculitis –0.039 (0.700) 0.063 0.531 0.440 (<0.001�) 0.729 (<0.001�) –0.009 (0.927)
Dandruff 0.264 (0.008�) 0.250 (0.012�) –0.279 (0.005�) –0.189 (0.060) 0.797 (<0.001�)

Patients Warmth –0.228 (0.022�) 0.217 (0.030�) 0.306 (0.002�) 0.214 (0.032�) –0.275 (0.006�)
Itch 0.054 0.595 –0.171 0.089 –0.273 (0.006�) –0.136 0.178 0.095 0.345
Pain –0.001 0.990 0.100 0.324 0.219 (0.029�) 0.152 0.132 0.068 0.500
Pimple 0.036 0.721 –0.154 0.127 0.092 0.362 0.336 (0.001�) –0.112 0.266

The data are presented as Pearson’s correlation coefficients (p values).�p< .05.

Table 2. Inter-rater and intra-rater reliabilities of the Scalp Photographic
Index.

Kendall’s W (p value)a for inter-rater reliability

By raters
All raters (N¼ 20) 0.84 (<.0001)
Dermatologists (N¼ 6) 0.91 (<.0001)
Dermatology residents (N¼ 10) 0.82 (<.0001)
Nurses (N¼ 4) 0.85 (<.0001)

By subscales
Dryness 0.79 (<.0001)
Oiliness 0.79 (<.0001)
Erythema 0.88 (<.0001)
Folliculitis 0.83 (<.0001)
Dandruff 0.83 (<.0001)

ICC(3,1) (95% CI)b for intra-rater reliability
All raters (N¼ 20) 0.94 (0.93–0.95)
Dermatologists (N¼ 6) 0.98 (0.97–0.99)
Dermatology residents (N¼ 10) 0.95 (0.94–0.97)
Nurses (N¼ 4) 0.88 (0.81–0.93)

aKendall’s W: <0.20, poor agreement; 0.21–0.40, fair agreement; 0.41–0.60,
moderate agreement; 0.61–0.80, good agreement; 0.81–1.00, excellent
agreement.
bICC(3,1): <0.50, poor agreement; 0.51–0.75, moderate agreement; 0.76–0.90,
good agreement; 0.91–1.00, excellent agreement.
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and easy assessment of scalp condition and helps to choose
treatments. For example, for DE type, which stands for dry scalp
with interfollicular erythema, anti-inflammatory agents along
with agents for the skin barrier recovery can be used. For OF
type (oily scalp with folliculitis), anti-bacterial or anti-fungal
agents can be used in addition to sebum-controlling agents.
Although classifying scalp types cannot be used to diagnose
specific diseases of the scalp, it can be used to provide person-
alized care by identifying the physiologic characteristics of indi-
vidual scalps.

Second, the scalp assessment should be objective and repro-
ducible. To meet this, we decided to use photographs and a
photographic scale for scalp evaluation. Image-based assess-
ment has several advantages. As the scalp condition can be
recorded with photographs, the raters can consistently evaluate
the scalp condition under the guidance of a photographic scale.
The raters can also review their assessment and correct it if
needed. Additionally, images can be examined by multiple
raters, reducing rater-dependent bias. Another benefit of image-
based assessment is that it allows the use of deep learning
technology. Applying deep learning technology may improve
the reliability of scalp assessment, considering deep learning
algorithms’ expert-level classification capability of medical
images (12–14).

Third, the scalp assessment tool should be able to quantify
the overall severity of scalp conditions. Although scalp-related
problems are very common, to the best of our knowledge, there
has been no tool to objectively quantify the overall condition
and characteristics of the scalp. Some studies used different
scalp severity scoring systems for their outcome measures, such
as dandruff or seborrheic dermatitis, but these methods do not
include the various scalp conditions holistically (15,16). The SPI
score we proposed is defined as the sum of the severity scores
of the five features. This represents the overall severity of an
undesirable condition of the scalp. The SPI score allows a quan-
titative evaluation of scalp problems, and the sequential track-
ing of SPI score will be helpful to assess the treatment
response. It can also be used as an outcome measure for future
drug development and clinical trials.

In this study, we developed the SPI, a new assessment tool
that incorporates all clinically relevant aspects of scalp condi-
tions with excellent validity and reliability. For all five features,
construct validity was verified by the good correlation between
the SPI grading and the dermatologist’s assessment. The SPI
grading was reliable with its strong internal consistency and
excellent inter-rater and intra-rater agreements. It was especially
noteworthy that the SPI grading showed high inter-rater reliabil-
ity across dermatologists, dermatology residents, and even
nurses who have little experiences in scalp assessment, indicat-
ing that the SPI grading is easily learned and provides consist-
ent results regardless of professional knowledge.

Compared to glabrous skin, scalp is more difficult to photo-
graph. To capture scalp photos, we tried various tools including
a DSLR camera, a dermoscope, and selected a trichoscope with
a �60 magnification in consideration of the ease of photo-
graphing and image quality. With �60 magnification photo-
graphs, we could observe not only easily visible features such as
erythema, folliculitis, and dandruff, but also dryness and oiliness
that were considered difficult to visually evaluate. In dry scalps,
fine lines, tiny scales, or fissures were observed. Sebum was
observed as a shiny wax-like substance on the surface of the
scalp. Accumulation of sebum around hair pores or the entire

scalp surface was observed in oily scalps (Figure 2). Dryness and
oiliness demonstrated the good validity and reliability as well as
other features.

Our study had several limitations. First, the SPI grading evalu-
ates only five representative areas, not the entire scalp. We
measured only in five representative areas in consideration of
the time and effort required for scalp assessment, but the meas-
urement site could be modified according to the study. Second,
the correlation between SPI grading and the biophysical meas-
urements such as skin hydration, sebum levels were not investi-
gated. The correlation between biophysical parameters could
further support the validity of the SPI grading. Third, the SPI
grading requires a trichoscope for scalp imaging. When com-
pared to a dermoscope, a trichoscope is less widely used among
dermatologists; however, we find it more convenient to observe
scalp conditions. Unlike dermoscopes, trichoscopes are fixed-
focusing, so non-experts can easily take well-focused photos.
The SPI grading can be automated using deep learning of scalp
images. In this case, non-experts will be able to evaluate the
scalps by simply taking a picture with a trichoscope. Fourth, in
this study, validity and reliability assessments were limited to
SPI grading only, and SPI score or total SPI score were not vali-
dated. Since the reliability of SPI measurements by areas has
not been validated, the possibility of variation according to the
topographic area should be considered. Fifth, SPI grading was
not validated for subjects with all levels of pigmentation, and
people with deep pigmentation may not be able to be eval-
uated with this method because erythema may not be as read-
ily visible, and reflectance of sebum might be different.

The SPI grading is a new, objective, reproducible, and vali-
dated numeric system used to classify scalp condition and meas-
ure the severity. The scalp type determined by SPI grading helps
to assess the characteristics of patient’s scalps and to choose per-
sonalized treatment. The severity determined by SPI grading can
be used to assess the treatment response, or to measure an out-
come for future drug development and clinical trials.
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